A stereoselective total synthesis of an antiproliferative and antifungal natural product, (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one has been accomplished using the Barbier allylation, LiAlH 4 /LiI mediated syn-stereoselective reduction and olefin ring-closing metathesis (RCM) as the key steps. L-Malic acid was used as a chiral precursor for the construction of syn-1,3-diol moiety of the molecule. The natural product 1 was found to exhibit antifungal activity against the phytopathogenic fungus Cladosporium cucumarinum [8] andalsodisplay anti-proliferative activity against three human cancer cell lines: leukemia (THP-1 and U-937) and melanoma (A-375) [9] . Leukemia cell lines (THP-1 and U-937) were cultured in RPMI-1640 and melanoma (A-375) was cultured in DMEM. Chemotherapeutic etoposide was used as a positive control. The natural product is more potent on melanoma (A-375) cancer cell line than leukemia (THP-1 and U-937) cancer cell lines [9] .
Natural products containing 6-substituted-5,6-dihydro-2H-pyran-2-one (α,β-unsaturated-δ-lactones) motifs are known to possess a wide range of biological activities [1] such as anti-microbial, anti-fungal and cytotoxicity against human tumor cells[2]. Some of these natural products such as fostriecin [3] and goniothalamin [4] are known to possess anti-cancer properties. The ()-pyronetin [5] displays immunosuppressive activity and passifloricin-A [6] and strictifolione [7] are known to exhibit anti-fungal activity. Of these, (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one (1) is a good example of such classes and was isolated from Ravensara crassifolia by Hostettmann and co-workers ( Figure 1 ). The natural product 1 was found to exhibit antifungal activity against the phytopathogenic fungus Cladosporium cucumarinum [8] andalsodisplay anti-proliferative activity against three human cancer cell lines: leukemia (THP-1 and U-937) and melanoma (A-375) [9] . Leukemia cell lines (THP-1 and U-937) were cultured in RPMI-1640 and melanoma (A-375) was cultured in DMEM. Chemotherapeutic etoposide was used as a positive control. The natural product is more potent on melanoma (A-375) cancer cell line than leukemia (THP-1 and U-937) cancer cell lines [9] .
In this article, we report a concise and efficient total synthesis of 1 using a commercially available and inexpensive L-malic acid 4 as starting material. Our approach mainly relies on Barbier allylation, syn-stereoselective 1,3-asymmetric reduction and ring-closing metathesis (RCM). In retrosynthetic analysis, we envisioned that the target molecule 1 could be achieved from the ring-closing metathesis (RCM) of dienic ester 2, which can be prepared from a terminal chiral epoxide 3, which in turn could easily be obtained from L-malic acid 4 (Scheme 1).
The synthesis of 1 began from primary alcohol 6, which was prepared from L-malic acid 4 using known procedures [10] . Accordingly, alcohol 6 was subjected to oxidation using2-iodoxybenzoic acid (IBX) in DMSO/CH 2 Cl 2 to give the aldehyde 7. Allylation of aldehyde 7 using allyl bromide, activated Zn in THF/aq.NH 4 Cl (under Barbier conditions) afforded the homoallylic alcohol 8 as a mixture of diastereomers [11] whichwas then oxidizedusing IBX in DMSO/CH 2 Cl 2 to obtain the ketone 9in 86% yield. A highly syn-stereoselective 1,3-asymmetric reduction of 8 was achieved using LiAlH 4 /LiI in diethyl ether at 78 °C to give thealcohol 10with a desiredsyn stereochemistry (syn:anti = 95:5) in good yield [12] . The secondary hydroxyl 10 was protected as its benzyl ether 11 and then subjected to acid catalyzed hydrolysis inaqueous MeOH to give the 1,2-diol 12in 90%yield.
Regioselective tosylation of the diol 12 using TsCl and Et 3 N in CH 2 Cl 2 gave the mono-tosylate 13, which was subsequently 868 Natural Product Communications Vol. 13 (7) 2018 Chandrakanth et al. subjected to base (K 2 CO 3 , MeOH) induced oxirane formation to afford the chiral terminal epoxide 3 in 80% yield. The epoxide 3 was then subjected to reductive opening using 3-phenyl-1-propylmagnesium bromide and CuI to obtain the secondary alcohol 14 (Scheme 2).
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Secondary alcohol 14 was protected as its MOM ether 15 using MOM-Cl and DIPEA in dichloromethane. Debenzylation of compound 15 using lithiumnaphthalenide in THF gave the homoallyl alcohol 16 in 89% yield [13] . Esterification of homoallyl alcohol 16 with acryolyl chloride afforded the dienic ester 2 which was then subjected to the ring-closing metathesis (RCM) reaction using Grubb's first generation catalyst (5 mol%) to provide the desired unsaturated lactone 17 [14] . Finally, the deprotection of MOM ether using 6N HCl:THF:H 2 O (1:2:1) furnished the target natural product 1 (Scheme 3). The spectral and physical data of all the compounds were in good agreement with the literature [14] .
In conclusion, we have accomplished an efficient stereoselective total synthesis of antiproliferative and antifungal natural product (6S)-5,6-dihydro-6-[(2R)-2-hydroxy-6-phenylhexyl]-2H-pyran-2-one (1) from the commercially available and cost-effective starting material L-malic acid. The key steps involved in this synthesis are Barbier allylation, LiAlH 4 /LiI mediated syn-stereoselective reduction and olefin ring-closing metathesis (RCM).
